The β-sheet breakers and π-stacking.
Fibrillation of β-amyloid is recognized as a key process leading to the development of Alzheimer's disease. Small peptides called β-sheet breakers were found to inhibit the process of β-amyloid fibrillation and to dissolve amyloid fibrils in vitro, in vivo, and in cell culture studies [1,2]. The mechanism by which peptide inhibition takes place remains elusive and a detailed model needs to be established. Here, we present new insights into the possible role of consecutive Phe residues, present in the structure of β-sheet breakers, supported by the results obtained by means of MD simulations. We performed a 30-ns MD of two β-sheet breakers: iAβ5 (LPFFD) and iAβ6 (LPFFFD) which have two and three consecutive Phe residues, respectively. We have found that Phe rings in these peptides tend to form stacked conformations. For one of the peptides--iAβ6--the calculated electrostatic contribution to free energy of one of the conformers with three rings stacked (c2) is significantly lower than that corresponding to the unstacked one (c1), two rings stacked (c0) and second conformer with three rings stacked (c3). This may favor the interaction of the c2 conformer with the target on amyloid fibril. We hypothesize that the mechanism of inhibition of amyloidogenesis by β-sheet breaker involves competition among π-stacked Phe residues of the inhibitor and π-stacking within the β-amyloid fibril. iAβ6 may be a promising candidate for a lead compound of amyloidogenesis inhibitors.